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1 Introduction
The 0 ms UP interruption is one of the targets for NR. Many candidate schemes have been being discussed in order to minimize UP interruption both in LTE and NR. This contribution analyses how to achieve 0 ms UP interruption in different deployment scenarios for NR, points out the possible improvements of the existing schemes.
2 Discussion
2.1 Scenarios 

According to TR 38.913, the target for mobility interruption (also named as UP interruption) time should be 0 ms. The UP interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.

This contribution discusses how to realize 0 ms UP interruption for both LTE/NR homogeneous deployment and heterogeneous deployment scenarios and identifies the possible enhancements. The conclusions from this contribution are also valid for other deployment scenarios such as NR standalone scenario (see TR 38.804).
2.2 Realization of minimized UP interruption with HO

In LTE, the mobility in RRC connected state is network controlled and performed by a RRC Connection Reconfiguration procedure with MobilityControlInfo, during which a UP interruption occurs. If UE doesn’t receive HO command in time, an RLF may occur and the UE attempts to recover the connection to the best cell. If that fails the UE transits to RRC idle state, and performs cell reselection. As a result, it would result into even longer UP interruption, as shown in Figure 1.
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Figure 1: Illustration of UP interruption in the simplified HO signalling procedure [1]

Observation 1 In current LTE handovers, UE may experience UP interruptions and in case of HO failures there may be even longer UP interruptions.
In LTE Rel-14, the mobility enhancement solution (“Maintaining Source eNB connection during handover”) is being evaluated to reduce the UP interruption (see TR 36.881). This option lets UE to keep the connection to the source cell until the connection to the target cell has been established.

Under current specifications, the UE cannot transmit simultaneously to source cell and target cell on the same frequency. However, with this approach it may be feasible by using multiple RF chains at least on downlink while uplink may require changes such as TDM operation.
Observation 2 LTE mobility enhancement “Maintaining Source eNB connection during handover” requires UEs to support dual RF chains 

LTE like handover is naturally one candidate mobility procedure to achieve minimized UP interruption, especially when UE capability doesn’t allow DC or other multi-connectivity features. However, the pure reuse of existing LTE like handover is not enough to fulfil the 0 ms UP interruption target. Additional enhancements are necessary in order to achieve 0 ms UP interruptions.

The mobility enhancement as discussed for LTE Rel-14 should also be considered for NR. But we expect that, similar to as in LTE, the UEs must have dual RF chains in order to apply “maintaining the connection to the source cell during HO”.   

Observation 3 The mobility enhancement “Maintaining Source eNB connection during handover” discussed for LTE is beneficial to reduce UP interruptions.
Proposal 1 The mobility enhancement discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
2.3  Realization of minimized UP interruption with DC
DC is another alternative to enable service continuity, eliminate UP interruptions, and minimize connection drops. We discuss how to utilize DC to realize 0 ms UP interruption in homogeneous deployment scenario and heterogeneous deployment scenario separately.
2.3.1 Homogeneous deployment scenario

[image: image2]
Figure 2: HO example in LTE-NR homogeneous networks
In Figure 2, UE moves following the yellow path from the source eNB (LTE) to the target eNB (NR). DC can be applied at the cell border to remove UP interruptions. The DC operations are performed at location A and B, shown as below 
1. The target eNB is added as SeNB at location A
2. At location B, a “role change” is performed where right eNB becomes the MeNB, and (optionally) the left eNB becomes SeNB or the left eNB is deconfigured for the UE.

The “role change” operation is not available in LTE DC. It is suggested to support this operation in NR to shorten UP interruption.

Proposal 2 In DC (LTE-NR/NR-NR), UE should be able to reconfigure an SeNB to an MeNB with 0 ms UP interruptions.
2.3.2  Heterogeneous deployment scenario

The UE reports measurement results in accordance with the measurement event triggering. Accordingly, NW chooses to take different action upon the reception of the measurement reports. An example is illustrated in Figure 3. Following the UE's path, different events occur at different time instants. NR eNB is added as SeNB when A4/B1 corresponding event (neighbour becomes better than threshold) is triggered e.g., when UE starts to move into NR hot spot. The triggering could also occur at other time instants depending on the measurement configuration. From now on, NR link is prepared for the data transmission even when the data is transmitted over the LTE link. NW chooses when to use only one link (LTE or NR) or use both links simultaneously when UE moves through NR hot spot, e.g., upon triggering of certain measurement event.

While the NR link is configured, the LTE link can be kept. This means that user plane data may continuously flow, and even if the NR link configuration fails the LTE connection can be maintained. In other words, there is no UP interruption foreseen during the link switch since UE can keep both links active with the LTE DC feature. As a matter of fact, in the scenario above, the HO procedure is not needed. Therefore, there is no risk of a HO failure.
Observation 4 In the scenario described above, use of NR-LTE Dual Connectivity allows removing UP interruption times, and avoids the risk of connection drops by always keeping both links active.
Additionally, we should pay attention to the other factors such as the time taken to forward packets via the backhaul link, the time taken to switch the link and schedule resources in the link. These factors might influence the UP interruption. The buffer status (DL buffer in eNB, UL buffer in UE) could also impact the UP interruption.
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Figure 3: DC SeNB management in heterogeneous networks
Proposal 3 To achieve 0 ms UP interruption and avoid the connection drops, the DC (LTE-NR/NR-NR) should be supported.
3 Conclusion
In section 2 we made the following observations:

Observation 1
In current LTE handovers, UE may experience UP interruptions and in case of HO failures there may be even longer UP interruptions.
Observation 2
LTE mobility enhancement “Maintaining Source eNB connection during handover” requires UEs to support dual RF chains
Observation 3
The mobility enhancement “Maintaining Source eNB connection during handover” discussed for LTE is beneficial to reduce UP interruptions.
Observation 4
In the scenario described above, use of NR-LTE Dual Connectivity allows removing UP interruption times, and avoids the risk of connection drops by always keeping both links active.


Based on the discussion in section 2 we propose the following:

Proposal 1
The mobility enhancement discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
Proposal 2
In DC (LTE-NR/NR-NR), UE should be able to reconfigure an SeNB to an MeNB with 0 ms UP interruptions.
Proposal 3
To achieve 0 ms UP interruption and avoid the connection drops, the DC (LTE-NR/NR-NR) should be supported.
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